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<-h ■ ABSTRACT 

pi !* We have discovered a ~ 420d modulation, with associated X-ray dips, in RXTE- 

ASM/MAXI/Swift-BAT archival light-curves of the short-period (3.2h) black-hole X-ray 
transient, Swift J1753. 5-0127. This modulation only appeared at the end of a gradual re- 
brightening, approximately 3 years after the initial X-ray outburst in mid-2005. The same 
, periodicity is present in both the 2-20 keV and 15-50 keV bands, but with a ~ 0.1 phase 

offset (sa 40d). Contemporaneous photometry in the optical and near-IR reveals a weaker 
modulation, but consistent with the X-ray period. There are two substantial X-ray dips (very 
strong in the 15-50 keV band, weaker at lower energies) that are separated by an interval 
equal to the X-ray period. This likely indicates two physically separated emitting regions for 
the hard X-ray and lower energy emission. We interpret this periodicity as a property of the 
accretion disc, most likely a long-term precession, where the disc edge structure and X-ray 
| irradiation is responsible for the hard X-ray dips and modulation, although we discuss other 

• . possible explanations, including Lense-Thirring precession in the inner disc region and spec- 

tral state variations. Such precession indicates a very high mass ratio LMXB, which even for 
a ~ 1OM BH requires a brown dwarf donor (~ 0.02M©), making Swift J1753.5-0127 a 
possible analogue of millisecond X-ray pulsars. We compare the properties of Swift J1753.5- 
0127 with other recently discovered short-period transients, which are now forming a separate 
population of high latitude BH transients located in the galactic halo. 
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1 INTRODUCTION fied bv lHalperr] d2005l) . who noted that it had increased by at least 

JH ' 5 magnitudes (as it is not visible on the DSS), thereby establish- 

C^3 Soft X-ray transients, or X-ray novae (hereafter XRTs) are low- ing J1753 as an LMX B . Subsequent time-resolved photometry of 

mass X-ray binaries (LMXBs) consisting of a neutron star (NS) the opdcal counterpart fcurita et al.l l20081 revealed R-band mod- 

or black hole (BH) compact object (Mi) accreting from a low- uladons Qn a period of 3 2h> whkh ^ nQW weU est ablished , B y 

mass companion (M 2 ). 75% of XRTs are believed to harbour a BH analogy with Qther XRTs (e g XTE n j 18+480i see Izuritaetal] 

dMcClintock & Remillard | 2003) , and are characterised by long pe- J^jg^ these were interpreted as a supe rhump period (P ah ), slightly 

nods of quiescence (years to decades) followed by X-ray outbursts 1(mger than me mhm period ( 

which can increase the luminosity by several orders of magnitude. AlmQSt immediately after the outburst peak me X -ray flux of 

Black hole X-ray transients (BHXRTs) have proven to be important J1753 started declining5 but it then stalled at „ 2 mCrab for over 6 

in studying X-ray binaries (XRBs), as in quiescence they provide mQnths ramer than retuming to quiesC e nce as might have been ex- 

the opportunity to study the donor itself, which is mostly impossi- pected AnQther ^.1^0^ X RT to remain active for a significant 

ble in luminous, persistent XRBs dCharles & Coe| | 2006|) . period of time in thjs way ; s EXQ 0748 _ 676i a NS system and x . ray 

Swift J 1753.5-0127 (hereafter J 1753) was discovered by the burs[er which remained act i ve f o r 24 years before finally returning 

Swift Burst Alert Telescope (BAT) in 2005 d Palmer et al. || 2005|) tQ quiescence Jwolff et al.l2 008). J1753 unusually showed a steady 

as a hard-spectrum ( 7 -ray source) XRT at high galactic latitude increaS e in flux from late 2005, eventually prod ucing an incre ase in 

(+12°). The source peaked within a week, at a flux of ~ 200 hard band actiyity that was noted in mid 2 QQ8 dKrimm et alj[200j) 

mCrab, as observed by the Rossi X-Roy Timing Explorer (RXTE) and at lower energies in late 2Q09 dNegoro et aLlbOoi TPespite 



■ * II * ' aiiu di iuwci ciicigics 111 idLC jL\j\jy \l^c^,ulu cl cti. z.\j\jy). JLycsjJiLC 

All Sky Monitor (ASM) dCadolle Bel et alj | 2007|) . The source was this long . term trend in x . ray flux> it remained in the i ow -hard (LH) 
also detected m the UV with Swift's Ultraviolet/Optical Tele- ^ for _ 4 5 years after outbursti at which point it then under . 



scope (UVOT) dStilletal.||2005p, and in the radio with MERLIN went a CQmplex transition to the hard interm ediate state for a brief 
dFender et alj|2005l) . An R ~ 15.8 optical counterpart was identi- 
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Figure 1. Upper panel: 15 - 50 keV Swift BAT light curve of J1753 spanning approximately 7 years from 30 Jan 2005 - 11 Jan 2013, using 5d binning. 
Centre panel: Combined RXTE ASM (diamonds, 2-12 keV) and MAXI (open cirles, 2-20 keV) light curves, with both normalised t o the Crab, ag ain with 5d 
binning. Lower panel: Combined optica l and near-IR photometry of J1753 from SMARTS (cyan (H) and green (V) triangles, jHvnes et al.ll2009f> ; cyan (H) 
and magenta (I) stars, JSoleri et al.l2010l) ). IAC-80 (magenta (I), red (R), green (V) and blue (B) squares) and FTP (yellow (R), white /' and black (V) circles). 
In the upper and centre panels the dash-dotted line marks zero flux. A colour version of this figure is available in the online edition. 



perio d before returning to the LH without passing through a soft 
state jSolerietal .1120131) . 

With a large optical increase at outburst, it is not surpris- 
ing that t here has been no spectroscopic signature of the donor 
in J1753 jPurant et alj|200^) . but with no detectable fluorescence 
features either, it has not been possible to obtain any direct indi- 
cation of the compact object mass. However, INTEGRAL obser- 
vations highlighted the presence of a hard power-law tail up to 
~ 600 keV, very typical of a b lack hole candidate (BHC) in the hard 
state dCadolle Bel et al.l l2007h . Also the power density spectrum 
from a pointed RXTE observation revealed a 0.6 Hz quasi-periodic 
oscillation ( QPO) with a shape that is typically seen in BHCs 
dMorgan et alj2005h . J1753 is therefore a BH C with the third short- 
est P orb known (after Swift J1357.2-093313;ICorral-Santana et ail 
120131 and MAXI J1659-1 52;lKuulkers et all2013h . Given the high 
galactic latitude of J1753, ICadolle Bel et alj ( 120071) concluded that 
its distance is likely 4 — 8kpc, pla cing it in the galacti c halo, similar 
to the BHXRT XTE Jl 1 18+480 dWagner et alfeOOll) . 

In this paper we present a detailed analysis of the long-term X- 
ray observations of J1753, using data from the RXTE ASM, Swift 
BAT and the Monitor of Al l-Sky X-ray Image (MAXI) on-board the 
ISS dMatsuoka et ail2 009), as well as monitoring from various op- 
tical telescopes. We focus here on the variability of the source over 



the near 7 year coverage provided by these facilities and in partic- 
ular, note extended X-ray dips that are present in the BAT data. 



2 OBSERVATIONS AND ANALYSIS 
2.1 Observations 

J1753 has been more or less continually observed by multiple X- 
ray to 7-ray instruments since its original outburst in 2005. Public 
data from MAXI, Swift BAT and the RXTE ASM have been used 
to produce the ~ 7yr light curves presented here. The data required 
no significant processing and are all available online. EBB 

J 175 3 was also observed by the two 2m robotic Faulkes Tele- 
scope North (located at Haleakala on Maui) and Faulkes Tele- 
scope South (at Siding Spring, Australia), of the Faulkes Telescope 
Project (FTP), which are part of the La s Cumbres Obser vatory 
Global Telescope (LCOGT) network (e.g. lLewis elalfeoiOl) . Pho- 
tometry was performed in the (', R and V-bands and the data were 



1 http://maxi.riken.jp/top/ 

2 http://heasarc.nasa.gov/docs/swift/results/transients/ 

3 http://xte.mit.edu/ 
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reduced using the FT pipeline. We also have optical data from the 
80cm IAC-80 telescope at the Observatorio del Teide on Tenerife, 
and both the 1.5m and 0.84m telescopes at the Me xican Obser- 
vatori o Astronomico Nacional on San Pedro Martir (Zuri ta et alj 
2008). J1753 has also been monitored in the H, I and V-bands 
with the Small and Moderat e Aperture Research Telescope System 
(SMARTS) at Cerro Tololo l lHvnes et alJl2009l ; ISoleri et alfcOlCh . 



2.2 Light Curves 

The 7 year X-ray light curve of J1753 is shown in 5-day bins in 
Figure Q] and exhibits a profile typical of XRTs in outburst i.e. a 
FRED, or Fa st Rise, Exponential Deca y profile, with a peak at 
~ 200mCrab (Ramadevi & Seetha 2007). However, after the initial 
outburst the flux stalled at ~ 20mCrab for several months before it 
then started gradually increasing. This behaviour is present in both 
the BAT and ASM light-curves, although we note that it is slightly 
steeper in the higher energy data. Then, just after MJD ~ 54500, 
there is a significant increase in flux, following which the light 
curve begins to exhibit a modulation with a period of ~ 400d. The 
sudden increase in X-ra y flux has been noted before dKrimm et alj 
2008: lNegoro et al.l2 009). but the long-term variability has not pre- 
viously been investigated. 

We selected X-ray data for timing analysis by excluding the 
initial outburst/FRED portion, i.e. we used all data after MJD 
54000 (see Fig. []}. The periods and their errors were determined 
using a Lomb-Scargle (LS) analysis to determine a central peak 
frequency, and then performing a Monte-Carlo simulation based 
on 'bootstrap-with-replacement' to repeatedly extract a subset of 
the light curve to re-perform the periodogram analysis on. The dis- 
tribution of peak frequencies resulting from 10000 iterations of this 
process was used to determine the error on the peak frequency. A 
LS power spectrum was also calculated using the available optical 
data in the combined R-band and FTP /'-band data, as observa- 
tions of the source in both these filters exhibited almost identical 
values. As seen in Figure [2] there is a clear peak in both X-ray pe- 
riodograms at 416.4 ± 2. Id (BAT) and 422.8 ± 2.3d (combined 
MAXI/ASM). The power spectrum of the combined optical data 
also exhibits a peak at a period of 419.2 ± 3.5d; however, whilst 
the peak power is still significant, it is lower than that in both X- 
ray power spectra, and the periodogram is noisier. Nevertheless, it 
should be noted that these datasets are entirely independent of each 
other. 

When the light curves are folded on P = 422.8 days (Fig.[3) 
it becomes clear that the peak of the hard X-ray light curve (Swift 
BAT) precedes that at lower energies (MAXI/ASM) by ~ 0. 1 - 0. 2 
phase (~ 40 — 80d). There is also evidence of potential dipping 
structure in the folded Swift BAT light curve, which we explore 
further in i]2.3l The folded optical light curve shows evidence of 
a tentative anticorrelation between the optical and the hard X-ray 
flux, with a correlation coefficient r ~ —0.3 (at 95% confidence), 
with a similar value of r being calculated for the optical vs. MAXI 
data. The confidence level was determined from the two-tailed p- 
value calculated alongside the Pearson r coefficient. 



2.3 X-ray dips 

One of the most remarkable features of the Swift BAT light curve 
of J1753 is the presence since MJD ~ 55500 of two extended X- 
ray dips, which are separated by 420 days, an interval that is fully 
consistent with the long term modulation discussed in $2.2\ These 




Frequency (d _1 ) 



Figure 2. Upper panel: LS periodogram of the selected Swift BAT data of 
J1753 (see text). Centre panel: The solid line shows the periodogram of 
the combined RXTE ASM and MAXI light curves, whilst the red dashed 
line is a periodogram of a sine curve with the same period. Lower panel: 
periodogram of the combined R and FTP i'-band data of J1753 from Fig. 
[T] In all three plots the dash-dotted lines represent the 99.9% confidence 
level. Both Swift BAT and MAXI/ASM power spectra exhibit rising power 
at very low frequencies; this is due to the gradual rise in flux during the data 
window. A colour version of this figure is available in the online edition. 

dips last for w 25 days and are almost a full eclipse of the hard 
X-ray flux, and occur at the maximum of the MAXI/ASM modula- 
tion. The dips in the Swift BAT light curve at MJD ~ 55625 and 
~ 56045 are clearer in the more detailed Fig. |4] where related, but 
weaker, features in the lower energy MAXI light curve can also be 
seen. The MAXI feature is more significant in the first dip (~ 30 
mCrab) than in the second. Dips on this timescale are not visible 
anywhere else in the near 7 year light curves of the source in either 
energy band, which is why they are not immediately obvious in the 
folded Swift BAT light curve in Fig. [3] Figure |4]also includes con- 
temporaneous optical monitoring data that has been obtained with 
FTP and IAC-80. Evidence of optical dips in these data is marginal, 
although there may be a tentative dip of ~ 0.15 magnitude, coinci- 
dent with the second hard X-ray dip, in the FTP R, V and i '-band 
data. However, this variation is within the broad range of fluctua- 
tions seen on long timescales, so cannot be considered significant. 

3 DISCUSSION 

3.1 The 420d modulation 

J 1753 is a unique candidate BHXRT in that the source has not 
returned to quiescence like most transients, but instead is now 
exhibiting a substantial long-term modulation over a wide range 
of energies on a p eriod of ~ 420d. Since we know P or b w 3.2h 
dZurita et al.1l2008l) . this modulation is a "super-orbital" periodicity 
of the kind that has now been seen in a significant fraction of 
XRBs. There are a variety of mechanisms that can give rise to 
long-term (ten s to thousands of days) variations in all types of 
XRBs (see e.g. lCharles et alj20ld : lKotze & Charlesll2012l) . but the 
most likely cause in this case is disc precession as a result of the 
high mass ratio in BH LMXBs. Such behaviour is well-established 
in the CV analogues of LMXBs, the SUMa systems, which exhibit 
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for the extended duration of the J1753 outburst, as the BD radius 
is roughly independent of mass. 

Another mechanism we considered for the long-term mod- 
ulation of J 1753 was that of irradiation-driven warping. In this 
case an initially flat accretion disc is unstable to warping when 
irradiated by a central source, as the warp then ex cites the tilt of the 
disc continuously, thereby leading to precession dOgilvie & Dubuj 
1200 ll : iFoulkes et al.i r2006). This model was used to simulate real 
binary systems with observed or inferred super-orbital periods by 
IFoulkes et al] ( bOld) . who found they could account for observed 
X-ray luminosities for a given super-orbital period (P stlp ). How- 
ever, high q systems were found to have the shortest P SU p out of 
all XRBs examined, and knowing that the donor of J1753 must be 
very low mass (it isn't visible on the DSS), it is unlikely that this 
scenario applies to J1753. 



Figure 3. Panel A: Swift BAT light curve of J1753 folded on a period of 
422.8 days (as determined from the MAXI/ASM periodogram in Fig. |2j, 
with arrows marking the location of hard X-ray dips that are discussed in 
the text. Panel B: Combined MAXI & ASM light curve of J1753 folded 
on the same period. Panel C: Hardness Ratio (HR) defined as BAT count 
rate/MAXI & ASM count rate. Panel D: Combined R and Faulkes i'-band 
light curves of J1753 folded on the same period. In all panels, each bin 
represents ss 10 days. 



"superhumps" on periods very slightly longer than P or b (see e.g. 
IWarnerlll995h . as a result of the disc expanding outside its tida l 
stability radius (for full details see e.g. | Whitehurst & KingllT99lh . 
More importantly, IPatterson et al.l d2005l) have demonstrated an 
observational link between the period difference (i.e. P s h — Porb) 
and mass ratio q — M2/M1, and this relationship h as been ex- 
tended from CVs to LMXBs. Indeed, it was applied by Zurita et al. 
d2002h in their analysis of XTE 1 1 1 1 8+480. 

Consequently, the presence of such long-term timescales 
in BHXRTs is taken as evidence of a precessing accretion disc, 
and hence can be extremely important in being able to provide 
an indicatio n of q without any direct kinematic measurements. 
IZurita et alj d2008l) claimed a tentative precession period of 
29d from their R-band photometry. This can be interpreted as 
the beat between the orbital and superhump frequencies i.e. 
Pprec = (P~l - P^)' 1 ' g ivin g Porb = 3.23h for the ob- 
served P s h = 3.2443h. This would imply q = 0.025, using 
AP = (P sh - Port/ Porb) = 0.18<? + 0.29<? 2 dPatterson et all 
12005b . If we instead re-apply the Patterson relation using our 
~ 420d modulation as P prec , we find that this gives a much 
more extreme q ~ 0.002. If the c ompact object is a typical 



~ lOM© black hole dFarr et al]|201 ll) . then the donor has a mass 
of ~ 0.02Af©, and hence is itself highly evolved. 

Such an extreme q suggests a comparison of J1753 with 
SAX 11808.4-3658, the fi rst accreting millisecond X-r ay pulsar 
(AMXP), with Porb = 2h JChakrabartv & Morganlll998l). With an 
estim ated donor mass M2 ~ O.O5M0 1 Bildsten & Chakrabartvl 
2001), we suggest that J1753 is a BH analogue to this AMXP 
system, taking the mass ratio to new extremes. If this is the case, 
a 0.02Af© brown dwarf (BD) donor would require a radius of 
~ 0.14P© to sustain Roche Lobe overflow, and this is consistent 
with the M-R relat ion of low-ma s s star s and sub-stellar objects 
detailed in Fig. 2 of IChabrier et al. I d2009h . This relation is approx- 
imately constant below masses of ~ O.IMq, which may account 



3.2 Properties of the 420d modulation 

The folded light curves in Fig. [3] show that the hard X-ray emis- 
sion leads that at lower energies, but the hardness ratio (HR) mod- 
ulation (Fig. [3] panel C) shows that this could also be interpreted 
as a smooth spectral variation. This is reminiscent of that seen in 
4U 1636-536, an LMXB with a 3.8h period that displays long-term 
variability on timescales of 30 — 40d (Bell onTet alj2007h . Remark- 
ably, while the long-term variability was found at both soft (2 — 12 
keV, RXTE ASM) and hard (20 - 100 keV, INTEG RAL IBIS) 
X-ray energies, it was also found to be anticorrelated dShih et alj 

2005) . The long-term variation was initially suggested to be d ue to 
a tilted or warped precessing accretion disc (Shih et al. 200^ 2 _and 
the m easured mass ratio allowed for this hypothesis dCasares et alj 

2006) . However, the variations were not stable and coupled with the 
anticorrelation between soft and hard X-r ays, it is difficult to inter- 
pret as a precessing disc dShih et al.l201ll) . Regardless of the nature 
of the long-term variations, the soft/hard X-ray anticorrelation seen 
in the 4U 1636-536 light curves suggests physically separate emis- 
sion regions responsible for hard and soft X-rays, a hypothesis we 
believe can be applied to J 175 3. This theory is further strengthened 
by the presence of strong X-ray dips in the Swift BAT light curve 
of J 175 3, but only weak dips in the softer MAXI light curve. 



3.3 Hard X-ray dips 

The hard X-ray dips could be attributed to a warped disc structure 
that obscures the hard X-ray emitting region entirely whilst leav- 
ing the softer region mostly visible. We presume that the dips do 
not appear earlier in the overall light curve as the warp was not yet 
established at that time. The dip light curves can be used to place 
constraints on the size of the hard X-ray emitting region if we adopt 
our derived value of q. Assuming that the obscuring material is lo- 
cated at the edge of the disc (Ri m 1.8Rq), the angle swept out by 
the warp would be ~ 21°, from which we roughly estimate a hard 
X-ray emitting region size of ~ 0.3 Rq. However, we note that the 
lack of similar scale dips at lower energies implies that the latter is 
from a significantly more extended region. 

We also note that the dips are prominent in the HR light curve 
(Fig. [4] panel C), which shows similar behaviour in the more ex- 
tended, but shall ower dip a t MJD ~ 55300. Interestingly this is the 
interval when lSoleri et alj d2013l) observed spectral state changes, 
and so these dips could all be related to such behaviour, although it 
is not clear why this would be periodic. 
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Figure 4. Panel A: Swift BAT light curve (15 - 50 keV) of J1753 with Id binning. Panel B: 2 - 20 keV light curve of J1753 from MAXI, also in Id bins. 
Panel C: Hardness Ratio (HR) defined as BAT count rate/MAXI count rate. Panel D: Optical photometry of J1753 from the IAC-80 (yellow (R) and green 
(V) squares) and FTP (red (R), black (V) and white ((') circles). In panels A, B and C, the dash-dotted line marks the zero point and the vertical dotted lines 
highlights the minimum of the dips. A colour version of this figure is available in the online edition. 



Finally we note that the 420d separation of the two dips 
may be consiste nt with Lense-Thirring prec ession at the Bardeen- 
Petterson radius (Bard een & Pettersonll975l) . It is at this radius that 
frame dragging effects from the rapidly rotating black hole can give 
rise to twisted, warped structure in the in ner disc, which ha s been 
linked to the QPOs seen in many XRBs ^Fragile et ai]|200lh . and 
could offer an explanation for the hard X-ray dips. Linking the 
0.6Hz QPO seen in J1753 with the Bardeen-Petterson radius would 
place it at ~ 200 R a (where R 3 is the Schwarzschild radius of the 
BH) for a typical BH mass, which could have a Lense-Thirring pre- 
cession period comparable to our observed 420d. However, these 
values are highly dependent on the scaling an d spin parameters of 
the black hole as described in Equation 4 of iFragile et al.l d200lh 
and such effects have never been seen at these timescales. 

3.4 Comparison with other high latitude X-ray transients 

Remarkably the last decade has seen the emergence of a number of 
short period BHXRTs which we can compare with J1753. Interest- 
ingly these are all at high Galactic latitude and hence located in the 
halo (TableQ~|l, and may represent a sub-class of BHXRTs which are 
difficult to find in soft X-ray surveys, but are seen by Swift BAT in 
the LH state. 

It is interesting to note that 4 of the 6 sources listed show 



dipping structure. Swift J1357. 2-093313 exhibits very fast optical 
dips (~2-8min) and these cannot be Kep lerian at the outer disc , 
but must be in the inner disc region dCorral-Santana et al.ll2013T) . 
Swift J1357. 2-093313 shows no X-ray dips and thus must have a 
very high i, requiring that the central BH is hidden from view com- 
pletely, and thus we only see scattered X-rays, accounting for the 
low peak F x ~ 30mCrab, making such systems hard to detect. 

On the other hand, MAXI J 1659- 152 exhibits X-ray dips sug- 
gestive of a disc edge structure, hence the range in i shown in Table 
[T] This highlights the importance of considering the geometry of 
such systems, as we would not expect this high a fraction of dip- 
ping sources within the sample. 

3.5 Future Work 

If the hard X-ray dips are indeed a periodic phenomenon, then we 
predict that the next dip will occur in lune 2013, with the minimum 
being reached ~Jun 18. We will monitor both the Swift BAT and 
the MAXI light curves during this time. We also intend to obtain 
pointed observations with both optical and X-ray telescopes in or- 
der to determine the structure of the dips at multiple wavelengths. 
An ideal instrument to cover the dip structure would be Swift, as 
a pointed observation would allow simultaneous use of the X-ray 
Telescope (Swift XRT) and UVOT, as well as the continued hard 
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Table 1. Black-Hole X-Ray Transients in the Galactic Halo 



Source F x a b d v D b P orb P sup q Mi i Mi 

(mCrab) (kpc) (km s" 1 ) (hr) (d) (M Q ) (M Q ) 



GRO J0422+32 1 


3000 


-12° 


~ 2.5 


400 


5.1 


7 


0.075 


4 


45° 


0.3 


XTEJ1118+480 2 


~ 40 


+62° 


~ 1.8 


600 


4.1 


~ 52 


< 0.025 


8 


68° 


0.2 


MAXI J1305-704 3 


~ 30 


-7° 


? 


500* 


? 


•? 


? 


? 


? 


? 


Swift Jl 357.2-0933 13 4 


~ 30 


+50° 


~ 1.6 


900 


2.8 


7 


< 0.06 


> 3 


> 70° 


0.2 


MAXIJ 1659- 152 s 


~ 50 


+16° 


8.6 


9 


2.4 


7 


< 0.08 


> 3 


~ 65° - 80° 


0.15 - 0.25 


Swift J1753.5-0127 


~ 200 


+12° 


~ 8 


600 


3.2 


~ 420 


~ 0.002 


~ 10 


? 


~ 0.02 



Note: a Peak X-ray flux, b Disk velocity estimated from H a double peak separation (Warner 1995). 

* denotes that up was est i mated from Hell em i ssion. 

^elino & Harrison 2003, feurita et al.l2002l ^Charles et al.l2012l fcorral-Santana et al.l2013l ^Kuulkers et alj2013l 



X-ray monitoring with BAT. Contemporaneous soft and hard X- 
ray and UV/Optical monitoring will allow us to provide constraints 
on the nature of the dips. 
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